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TCREVCORD

This report was prepared by Antioch College under USAF Contrac
No. AF 15(600)-50 covering work on the principles of instrument presentation.
The contract was initisated under Research and Development Order No. 69L-.31,
"Principlss of Instrument Presentation;" and was administered by the
Psychology Brancn of thc Aero Medical Laboratory, Directorate of Research,
Hq; Wright Mir Development Center, with Dr. James M, Vanderplas acting as
Project Engineer,
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One way of transmitting informaticn to aircraft crews would be to
auntomatically punch or grint numerical ixnformation on tape in the airplane
in response to radio or radar signais. The tape may “e scanned by a devics
to take control action and also he monitored by people. A comproamise
syetem of marking the tape has to be wcrked out which is efficient for both
mechanical and human scanning.

Twenty-fovr subjects were {ested to determine the zpeed and 2ccuracy
with which they could read Arshtic numerals and {ive systems of coded numerals.
The experiment provides preliminary information about the applicability of
certain principles of coding in the selection of numeral representations for
the punch or printed tape method of presenting information to airborne
perscmnel. All subjects were fastest and most accurate with the Arabic
numerals and all but three were slowest with the code bassd on the position
of a single dot on a grid, The fastest and most accurately read numeral
system, excepting the Arabic, was the symbolic Arabic cods which resembles
the Arabic, but the numerals are printed with six straight line elements.
The three codes based on the number of dots or lines were intermediate in
tarms of reading speed,
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E!P7Q¢HENT ON THE CODIPG OF NUMERALS FOR TAPE PRESENTATION

© One way of transmitting information to aircraft is to signal
an airborne printer «hich prints or punches the signal on tape. The tape
may then be scanned by a device which may take control action depending
on the information regaived, Iin addition it i3 easa'ﬁug- ;or come iinda
cf information that the operator in the airplane be able to read the tape
efficiantly. In pllctsd aircraft, reading the information would be necea-
sary fcr aenltoriﬂg the automati¢ equipwent, keeping logs, and predicting
a course of events.which could not be done by automatic computers,

The best numeral system for the human cperator would probably be
Arabic numerals because of lifelong familiarity, but it wculd require such
an extremely complex scanner that its use in airtorne equipnent would te
impractical. At the 2 _.aer extreme of mechanical simplicity, the printer
could have a singie element which made a number of identical marks on the
tape esgual to the number transmitted in the signal. 3ince only five or six
dots can be immediately subitized and more than that have tc bs counted,
thie would be a slow and inaccurate system for the operator (1). The pur-
pose of this research is to get preliminary data which would help in deter-
mining the kinds of coding systems which should most profitably be explored
in designing a numeral system for tape presentation for both visual and
mechanical scanning. Numeral coding systems which maintain mechanical sim-
plicity and which are alao easily rsad by people are the ones which should
logically be considered for methods of tape presentation.

THE CODES

numnerailr coualng systems and the Aravlce code were used 1in Lo
¢ Fig. ij. The arabic code was used in order tc establish a
bascllre of compar-SOn for the other cedes., Code B, the symbolic Arabic
code, was chosen as a system which resembl.es the Arabic code but requires
only six scanning elements (lines) rather than the large number which would
be required by thic arabic code. There ares two dot codes, C and 0. which

are based on the numver of dots, but the dots are differently patterned

ic Oang systems and thi Arabic code were used in this=

A = e

&
~
3
<

. to help in the identification of visual rumber. Code E depends on the

positicn of a dot on a nine sguare grid i'or presentation of a.numseral.

Code F is based on the number of short vartical lines in 2 row. Codes C, D
and B would probably be better -without zeros, but for the experiment we
needed to represent zeros in order io indicate whether the other numeral

‘s8hould 58 in the unit or the tens position, since only one two-digit number

appeared on each stimwlus:card., The codea were chosen to represent a wide
range of code types in order to eliminate poor ones from further corsidera-
tion and, in a preliminary way,; to suggest. the kinds of systems which wcuid
be promising for further researca.
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THE ZXPERIMENT

. e A - amamm—— S———

Twsnty-four college students vith an age range from 16 to 2L ysars
were used in six groups of four subjects each, The euperimsnisl dssign of
the order of presentation of the codes to the grours of subdects is shomm
in Table I. 411 subjects were testedi on all codes, but the order of presen-
tation of the differemt zodes to the groups of subjecte mas comnterbalancsd
so that ewvery code wiuwired in sach. sarial position onte and preceded and
Lollow=d emery other cods once and oniy onoe. Thiz procedure controlled far
facilitory or inhibitory effczis among the codes since ail the codes wsee
presented in the smme segeicn.

TABLE 1

Experimental Design

The numbers in the table represent the order of preseniction of the
codes to the different grcups of subjects.

SUBJECT CODES
GROUPS A B c D E F
i 1 2 3 6 L [4
11 2 3 L 1 S (3
111 3 L s 2 5 1
Iv I S 6 3 1 2
v 5 6 1 k 2 3
VI 6 1 2 s 3 i

The =ubjects were tested individually while sitting at a2 table with
the experimenter. Before being tested on a code, the subjects were given a
single card with the ten Arabic digits and the ten coded digits of the particu-
lar code prianted on it, in order tc femiliariss themeelwes with the code in
a two minute learning session., The experimenter reviewed the coded numerals
with the subjects and wnada sure that they urdersicod ths sode. Th2 gdbiects
were permitted to keep the ipstructior card while being tested on a eods, but
the carde were peferred to anly rarely. in experimental trial consisted of
reading as rapidly smd 2ceuraisly as possible 100 randesly asseried two-digit
coded numbers ranging from 00 to $9 inclusiwe from a deck of 100 three-by-
five index cards. The 100 cards of & single code were in a dack in front of
the subjJect; he todt the cards one by one, read the number on the card and
put, the cards on another pile after reading thez. A five minute rust wae siwen
the subject after tesiing with each code. A record of the reading time for the
deck and for the number of errors was kept Ly the experimenter.,

WAXC TR S4L4-86 2




—— et — e —— -

squemtiedxe oy} UT PeST sepco Teawny °T 3T

4l S S H H NOILISOd .00 ¥

SUEN RIE P I R i i 1 | YIEGNON'INM 3

“" ..“”" .O..“” .G.." L1 (12 1] e e (1] [ ] mwmz:z OPAW.Q .c

SR TN T B L B 11 A I e : ¥3eWN 100 O
GV

O ¥ 23 NV C 2 | JIMOBHAS '8

o & 8 ] 9 6 v ¢ 2 | 18VHY Y

TVHIRNN 3WYN 300D

WADC TR HL-B6



SECONDS

. e it e ————

275
fr——y
230 -
. = — TIME

200 |- P
=

(78 1 |
L
I

150 - | 0
L

}25 : . =150
\ |

100 - 1 40 &
| ' =

-»> { ! ) & !

75- \ : "3‘; ‘b
I

: I

sofF r— I 20

L |
28F 1 | b dro
= | 20 | '
H i } :
L R

CODE

Fig. 2. Mean time %o read 100 numbers and total number of errors
made by 24 subjects. The empty columns repressat tims data and the filled
columns represent error data. Perry's data on the time required to read
Roman numerals converted to give results comparable to our own is presentod
by column R. ; 3

* The first colum repreaen»s the handling time for 100 cards without
reading mmbers.
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RESULTS . i
)

. The averags time it took the subjects to rsad a pack of 100,cards
and the total number of errora in all the readings of all the.subjects is
presented in Figure 2. The time 1t tcok sach subject to read each code ise
in Appendix I, and the particular errors which occurred are in Appendix II,
Table I1 showa that the differences in mean reading times among the codes
are significantly larger than would be expected by charce. The codes were
ranked in order of the speed with which they coulid be read by sach subjsct,.

*he awmbser of oubjacts #ho were u.utea‘c, second fasmst, 'hnlrd, fourth,
DiTLh OF SimWL Tasiueal miwu eachh vwis ic presentea ia Isvie 11], 1t .1is not
surprising that ail ihe subjects were fastest with the Arabic code, but it
is significant that nineteen of the twenty-four su:bjecta were second fasiest
wvith the symbolic Arabic code; code B. Code F, ths cct position code, ra-
sulted in the slowest performance for 21 of the aubjects. The consistency
of the rank orders of reading speed of the various codes from subject to
subject is shown by Figure 3. The curve is the frequency distribution of
rank order correlation coefficients obtained by correlating the rank order
of the codes for eacn subject with every other subject. The Aratic code was
omiticed from the rank orders so as not to inflate the correlation coeffi-
cients which are based oniy on the five unconventionai codes., If all the
subjects had agreed on the rank cider of codes ail the rhos would have haen
1,00, If there were no consistency in ranks, the rhos wowd have been dis-
tributed randomly around zero. The mean rho is .585 which indicates agree-~
ment amnng the subjects which is significantly greater than chance at the
1% level of confidence. Kendall's coefficient of concordance, "W," computed
from the mean rho equals .60 which transforms to a "z" of .769 (2, pp.th-h20)
A %g" of only 647 i required for rejection; at the .0l probability level

fﬁr L and 92 degrzee of freedom, of the hypothesis that such agreement is
due ©o chance.

A chi square test of the error frequencies, anitting the Arabic -
cede, shows the codes to differ significantly in errer production (X2 = 18,1k,
P =~ .01 for four dogrees of freedom ; Y2 of 18.46 is nended for a P of .C01),
Subjects are significantly more 2ccurave with Code B than with the other
four codes; since without code B the chi ,square is insignificantly lerger
than expect-d fron chanco differencea (32 = 1.56).

LISCUSSION AND CONCLUSIONS

An experiment comparable io this cone was done Uy Perry (3), who
compared the reeding speed of thirty subjects with Arebic and Ronan mmerals,
The subjects. read as rapidly as they couwld fram typewritten lists ol numerals
Zor one minute cnd their scores were the number of numerals read aloud in
that tims. We=n rsading iiues were presented for numerels ranging from 0 - 9,
10 - 49, and 50 = §5. In order to make these data comparablo to ours, we
weighted the means of the three number sets by tiie frequency of occurrence
of numbers of & et in 100 randomly seiected mwmbsrs. The weightzd averwge

WADC TR Sb-86 5




TABLE II

val of *t* Ratios for the Pudrs of Differencosx between the Reaiing
Tiwas of the Codes.
CQDE cabe
B c D E F
B » » » » * i
k. 3.96 5.05» 8. 6hn B
1.06 2.2 6.49» c
1.3 6,502 D
6,27 E
#qgnificant st the 001 lsvel of confidamcs.
TABLE IIIX
Rank Order of Codes with Hespect to Reading Speed.
Entriss ssgrsssnt the mumsbsr of subjects for whom aach code assumad a
particular raunk,
CODE RANK
1l 2 3 L 5 6
B -~ 19 1 2 2 -—
c - 2 10 L1/ 61/2 1
D - 3 5 81/2 61/ 1
E - - 7 9 7 1
F — - = 1 2 21

WADC TR 5L4-86 6
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1s 119,3 Arabic numerals per sinute and 4O.2 Roman nurerals per minute.
At those reading rates, 100 Arabic numerals could be read on the average
in 50.4 seconds and 100 Roman numeraiz in 1L? seccads with Perry? g'_.oxperi-
mental conditions.

The difference of 5i s=2cnde for the Arstic codes hatween Perry's
experinment and ours presumably is due to the additional %ime requirsd for
card manipulatica in ocur oxperison‘:.. We may aasume that thzt sdditional
time is the same for ail of thé ccdss in our sxperimenit. To make a C.apari-
soa betwean the resading time for Roman numerals and our codes, we wust add
5i sscands Lo Was ssbiﬂ&ta‘-i averzgs of 140 meconds to read 100 Raian mimerels,
so we obtaln 200 seconds as the best eatma of how long it would wake 1o
read 100 Roman numerals under our exparimentzl conditions. This is aimost
omw tae evarege time required to read 100 numerals of code E, the line
code, wihich is more like ihe Roman numeral system than any othar of tha codes
we ased.

The oroper baseline of comparison of the reading times foi* the
differeat codes is 5C seconds, ths corrected .-.em reading time ror code A,
or the time it would have taken to rsad the 120 Arabic numerals were it
n.. for the handling of the index cards. Subtracting 51 seconds from the
cbtained mean reading times, the corrected mesn reading tiwe for code B is
10k sec., code C is 142 sec., code D is 136 sec., code ¥ is 212 sec., and
code F is 151 sec. We can get the best idea of the relative reading speeds
for the codes by expressing thsir corrected mean reading times as a ravio to
ths Arabic code corrected mean reading time, Iit.h the corrected mean time
for e2ch code as the numarator of the ratio and 5C sscaads as the dencminator,
the relative reading speeds may be exprcassd by the following ratiocs: A = 1.00,
B=2.08; Ce2, 72,D-=2.8!4,F.- 3.02 and F » 4.24, Ccde B was read twice
a3 a.;.cwly as A, codez C, D and E were r23d about three times as slowly and code
F was read about four times as siowly as the Aranic code,

Some caution should be kept in mind ir applying the results of this
experinent., We have sampled only one point along the learning curve, and
with additicmal prnn‘(n- and 0-—414-1-1*?17 s BAY ASBUMS thet the relstive
speeds with which the codes would be read could differ somewhit from our rasulis,
All the codes would probably be resd fister with more practice, but it is
very likely that code B would maintain its superiority over the other codes,
and probably it would result in nesrly as rapid reading as the Arabic code.

il sngin o 'ug conmiderations make it unfeasitle ©c bulild = light.
weight scanner to 1ntorpret the conventional Arabic rumerales;, then a numeral
system aralogous to our code B should be considered. Its use by p=onle is
comparatively efficient aince it rescmbles the Arabic code, and it may be
autwmatically used by a scanner of six line elemcnts. Cods B should not
necessarily be decided upon as the “ne U0 use in & practical situation, but
only as 2 prototype of a whole class of numeral iypes that could be develsped
for the purpose. Future research should desl with the development of 2 sy=-
bolic Arabic code and the experimental dispiay spparatus should resemtle the

display which ds liksly to be used in the airborne equipment. Another important.

WADC TR 5L-86 8
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advantage of & code 1like B is that 1t could be used Juet zs well tc code
the 26 lstters of the alphavzt for taps presentation of verbal meterial.
Appendix II1 contains a zuggogted symbolic cods system for leiters based
on sight iine elemente; this requires the splitting of the two centar ele-
ments of ihs awaber scanner into halvey or ints fzur slemants which can be
activated separately. .
Another possibility would be to have a dual sysisa, so that a

simple dot code coulc be usel by the mechanical scanner, while the Arabic
code could be superimposed ou the tape for human scanning. The reading-
time scores of goda ¥ g@gp‘r,g with C; D and: B guﬂﬁnnf th.lt. Q chcm hlatd
on the numoer oI Giomenls 13 l\lpvr.l.m wo qu Vaoswa vii wao wo.o waon of a
single element. Code F was rezd significantly more slowly as tested by
a "t* test than all the other ccdes. It seems to make litile diffevence
whether ths slemants are dots or lines but pres: mably the elements shouid
be pat‘bernou to d.d in the idantifzcation of visual number.

.’.hly 1.88% of the 12, “OO numerals were read incorrec‘r&y, so an exten-
sive analysis of the particuln., error producing features of the codes is
not possible. However, two ontatanding aonrcea of errors are apparent
from an inspectioa of the error data; and cerisin feztures of the codes
could be improved if they were considered for use. Half of the errors in
code B involved the numeral “L4® which was wost often confused with =57,
Confusion between the 0" and the #9" accounts for one third of the gvrcrs
in code D. Taking L/5 of the tctal er1 rs for each code, as the axpecied
frequencies, and ihs number of errcors which occurred withoui sounting
stimulus numbers with a zero as the octtained frequencies, the chi square
including code D is 19,12 (significant at the 1% level) and ths chi square
without code D is 2,08 (not significant). This indicates that cods D woukd
be considsrably mcre accurate without a zero, but the uses of a zero did nct
materially affsct the accuracy of the sther codes. However, codes like C.

1) and E would all be improvea if in actual usc a blank space in the propor
column would designats sérS rather than a symbolic :spresentation. The
tape with a long series of numbers would then present a graphicali piciure
and the operators could get an idea of the magnitudes 273 irends presenved
witheat reading the actual numbers.

Since the accuracy of code D was materially affected by the omission
of s¢rc numbers, we wondered whether the speed of reading the cods was
also affected. Eight additional subjects werz run on 100 cards of cwies
B and D “rom which zero numters wers omitted, The mesn reading tims of tae
two codes were similar to the means of the previous experimental groups
and in faver of code B, Only one subject was faster on code D than F and

the difference betwesn the means of the two codes is statistically significant

a2t the 5% poini as tested by the "t® ratio of the mesn difference divided
by the standard error of the differsnce obtained by the differencs metho,
= expected cods B 10 result in faster reading so the ¥t® ratio o 1.89 is
significant by a one tailed test. RFurther experimentaticn should be done
with actusl tapss prepared and read as thay would be in a real situation in
o{d@r to test ks meriis of a code iike D or E in presenting a graphical
piciure.

wADC TR 5L-86
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APPENDIX I

Table ¢f Readine Time in Seconds

tor 100 Teo Jigit Humbers

CODE
A B c D E r
SUBJEGT ARABIC ARABIC  NO. DOTS NO. DOTS ¥O, LINES Fs5. DO?

1 95 133 179 i8 184 {rr g
2 10 138 182 159 155 =8
3 68 112 17 127 ik Léo
L 167 167 204 176 185 73§
5 & 115 138 175 197 =26
é 10 i6d 235 206 z: =57
7 121 150 7 16 193 >y
8 91 133 21 198 230 .S
9 9 137 186 7 25 263
10 107 128 187 198 213 208
11 88 C 1k 200 187 160 195
12 as 124 181 208 153 L8o
13 ile 152 259 271 b1 .29
1k 1ho 182 148 5% 238 5§
1s 123 216 2% 190 208 77
16 100 138 189 reld 228 252
17 88 U0 64 143 218 2 Il
18 90 122 145 180 53 2%
19 116 i85 é 277 254 5 3
20 104 168 191 251 2R 2L
21 81 i8hL 166 209 173 350
22 98 139 183 178 183 Lu6
23 99 196 157 ik 154 2-11
2k 108 235 175 164 2% 15
KEAN 101 18 i87 193 202 63
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APPENDIJ. JI

Table of Error Responses

.o ——————— ————— e

_CODR. -
Iy B ¢ D B
SYMBOLIC 3.
ARABIC ARABIC  NO, DOTS NO. D7TS  NO. LINES
sl »2 3 =®r, 8. R S. R, 8. =&,
11 o1 L3 ko Tk 5% 0 8 52 92
03 3¢ 3% A 11 22 7 90 86 %
50 55 25 ¢ 06 96 0 80 12 &3
60 6 2y 7h 88 17 6 19 1l o
80 82 b2 4T 29 20 oT. 57 83 713
73 37 23 13 A 2 oh: 94 98 99
¢& W6 gy o4 3 93 08 09
95 ‘A8 27 a7 21 %5 55 i
94, 6k 85 83 09 98 6 Lo
91 & 87 97 0O 99 33 83
90 60 82 83 7 .79 85 80
% 7% A 1 58 5 29 19
37 35 81 8 09: 00 O 93
9k 90 50 Le 73 72 08 98
b L3 37 .36 18 .. 08 85 .84
Ok 3% 3% 6. 7Ti  1iz i3
5 % 27 17 ek Th 78 28
ei 20 28 27 52 42 2 3
Ly S5 17 o7 o4 94 88 B9
k6 56 e 7% T 86 56
W sy b9 39 28 29
76 86 9k .93 59 &5
69 39 4. 73 85 8¢
60 30 20 29 95 05
oy 84 9 9 7. &
52 L2 97 92 69 60
67 7 65 84 b6 LS
RS Uy sy 28
96 93 LO L& 59 80
L9 39 97 07 18 i
% 73 65 6 03 53
53 13 H...79-.. . 08 _ 58
07 06 83 &2 %0 -80
& 63 8 53 05 15
L7 37 17 12 o 1
LO 30 &8 63 92 3
e 82 97 97 9 U
WADC TR SL-86 12

JPRUKRERERREERYTRBRTSURRUIEIESE

A

e "
&

S, -
L4

(o JWN o
o=

&R

&




Table of Error Responsas, cont,

B g . D

A !
SYMBOLIG
: ARABIC ARABIC  NO. DOTS NO. DOTS
‘ S. R S. . S. R, 5. R.
: 2717 gé El
9 H L <
, : 67 &8 9k Lb
21 23+ 07 17
97 98 06 1&
79 69 - O Wy
06 09 03 13
13 1 B3 W7
. 87 86 o1 11
| 37 36 09 "9
; ® 42 ° 00 100
: 38 36 10 a1
: - 87 82
' R 12
05 15
o8 18
20 2
. op-—97
53 L
| LYY §

-

1. S iz the number presented.
2., R ls the incorrect respcnse.

' C WADU T =86 R R 5.

E
§0. LINES
8.. R.
50 58
o5 35
LB 43
% T
79 W
86 8
68 69
29 24

F

POS. DOT
S. R.
69 3¢
& =
68 3B
60 30
63 U3
56 23
17
8L L8
0s 08
76 67
93 63

- e e rr———— -



| APFENDTYE II1T

Suggested Symbolic Alphabet to Use for the
Tape Fresentation of Verbal Information

SLEMENTS

A 8
X A K¢

(v

M o

i F 6 M ! J K L
i

. M N o p Q s
| M N N KA
. T U X W Z

|
-
< <
S %
X
A
"

&)
ol
¢h

c 4 6 T 8 S
| Z T MY K 7 X N

, This alphabet requires an aight slemant printer. A4n eight element
printer could result in iapreved nresuntatione of rumerals 3 and L as
suggested in ihs above table, rathsr than as they were in the experiment,
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	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
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